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Description 

Background of the Invention: 

5 [0001] The present invention relates to a therapeutic agent for intestinal diseases and visceral pain. 

[0002] As the social environment is recently becoming complicated, a lot of people are exposed to excessive stress. 
Accordingly, patients suffering from irritable bowel syndrome with irregular bowel movement, abdominal pain, etc. as 
main symptoms are increasing in number. The irritable bowel syndrome is divided into the groups of diarrhea type, 
constipation type and alternative diarrhea/constipation type depending on the type of the irregular bowel movement. 

10 Medicines used for the treatment of the irritable bowel syndrome of diarrhea type are cholinergic blocking agents, 1 
axatives, antidiarrheal agents, medicines for intestinal disorders, mucous membrane paralyzing agents, motorfunction 
regulators for the digestive tract, autonomic nerve regulators, herb medicines, anxiolytic agents, anti depressants, 
hypnotic, antipsychotic agents, etc. 

[0003] On the other hand, ulcerative colitis can be mentioned as an intestinal disease which is increasing in number 
15 of the patients. Although the causes for this disease are supposed to be infection with bacteria and viruses, genetic 
causes, disorder of the blood vessels in the digestive tracts and lymph vessels, the exact causes have not yet been 
elucidated. For the treatment of ulcerative colitis, the following types of medicine are generally used: 5-aminosalicylic 
acid (trade name: Pentasa) and salazosulfapyridine (trade name: Salazopyrin) known to inhibit the production of in- 
flammation-causing substances from leukocytes (such as inflammatory cytokine, leukotriene and active oxygen). For 
20 patients with moderate symptoms, synthetic adrenal cortex hormones such as predonisolone and betamethasone 
(trade names: Predonine and Rinderon), and cyclosporine (trade name: Sandimmun) as an immunosuppressive agent 
are generally used, and FK506 (trade name: Prograf) is now undergoing clinical testing. 

[0004] Usually the visceral pain and abdominal pain are important biological signs for informing the pathological 
conditions of the visceral organs and abdominal region. The visceral pain and abdominal pain are not limited to the 
25 symptoms of the above-described intestinal diseases, i. e. irritable bowel syndrome of diarrhea type or ulcerative colitis, 
but there are sharp pains caused by sudden contraction or convulsion of tubular organs such as the stomach and 
gallbladder and inflammation of the peritoneum or pleura. For those symptoms, an antispasmodic agent or anti-inflam- 
matory analgesic agent is used. 

[0005] However, these medicines have only insufficient clinical effects and they are not always satisfactory from the 
30 viewpoint of side effects. Under these circumstances, the development of a medicine of a newtype having an excellent 
therapeutic effect and free from side effects is demanded. 

[0006] Serotonin (5-hydroxytryptamine, 5-HT) plays an important part in the physiological or behavioristic process. 
In particular, 90 % of serotonin in the living body is contained in intestinal chromaffin cells and, therefore, serotonin in 
the intestinal tract is physiologically and pathophysiologically very important. Up to now, 14 kinds of 5-HT receptors 
35 have been identified. In those receptors, 5-HT7 receptor is the most recently identified 5-HT receptor and in the pe- 
ripheral tissues, the expression of 5-HT7 receptor in the coronary blood vessel and intestinal tract was reported [J. 
Biol. Chem., 268, 23422 (1993)]. 

[0007] 5-HT7 receptor is conjugated with G protein (Gs) which accelerates the production of cyclic adenosine mono- 
phosphate (cAMP). Accordingly, cAMP concentration in the cells is increased through 5-HT7 receptor by the serotonin 

40 stimulation [J. Pharmacol. Exp. Ther., 287, 508 (1998)]. As the reports on the pharmacological effects related to this 
receptor, there can be mentioned reports relating to the relaxation reaction for intestinal smooth muscle [British J. 
Pharmacol., 128, 849 (1999)], possibility of the relation to the nociceptive sharp pain conduction [Life Sci., 21, 2279 
(2002)] in the peripheral site and relation to the body temperature regulation and REM sleep [British J. Pharmacol., 
139, 705 (2003)] in the central site. With the above-described background, it was disclosed that 5-HT7 receptor an- 

45 tagonist might be effective in the treatment of various diseases considered to be caused by an abnormalities of 5-HT 
central and peripheral 5-HT regulating function, such as mental disorders (e. g. manic-depressive psychosis, anxiety, 
schizophrenia, epilepsy, somnipathy , biological rhythm disorder and migraine), diseases in the cardiovascular system 
(e. g. hypertension) and systemic functional disorder of the digestive system [Official Gazette of Japanese Patent Kokai 
No. Hei 11-189585]. In this connection, the therapeutic effect of 5-HT7 receptor antagonist in rat models of middle 

50 cerebral artery occulution was also disclosed [WO 00/37082]. 5-HT7 receptor antagonist is expected to be effective in 
treating irritable bowel syndrome of diarrhea type, ulcerative colitis, visceral pain and abdominal pain which are dis- 
eases with digestive tract dyskinesia caused by the serotonin stimulation. 

[0008] However, it has never been reported that 5-HT7 receptor antagonist is effective against these diseases. For 
example, compounds having antagonistic effect to 5-HT7 are disclosed in EP 0738513, Japanese Patent Kokai No. 
55 Hei 11-189585, WO 97/29097, WO 97/48681, W097/49695, WO 98/00400, WO 99/24022, WO 99/31062, WO 
99/33804, WO 00/00472, WO 00/56712, WO 00/59909, WO 00/69437, WO 00/73299, WO 01/29029, WO 01/57039, 
WO 01/85701 , WO 02/18367, WO 02/36554, WO 02/36560, Trends Pharmacol. Sci. 21 , 70 (2000), J. Med. Chem., 
43, 342 (2000) and Bioorg. Med. Chem. Lett., 12, 3341 (2002). However, these publications do not disclose the ad- 
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vantageous effects of these compounds on the irritable bowel syndrome of diarrhea type, ulcerative colitis, visceral 
pain or abdominal pain. No example was reported on the therapeutic effects of these compounds on these diseases. 
[0009] It is described in WO 02/62788 that compounds antagonistic to 5-HT7 will be usable for the treatment of 
various diseases such as pains including neuropathic pain, diabetic neuropathy and chronic backache, inflammations 
5 and irritable bowel syndrome in addition to the treatment of central nervous system diseases. However, it is not con- 
cretely disclosed therein that this medicine is effective against irritable bowel syndrome of diarrhea type, ulcerative 
colitis, visceral pain and abdominal pain. 

[0010] WO 01/89546 discloses the effects of herb extracts on irritable bowel syndrome of diarrhea type. However, 
it does not clearly describe the therapeutic effects of compounds antagonistic to 5-HT7 for the following reasons: The 
10 extract contains not only a single active ingredient; the receptor antagonistic effect is as week as only about 50 % even 
at a high concentration (200 jig/ml); 15 kinds of the receptors have the receptor antagonistic effect of at least 50 %; 
and the receptor selectivity is unclear. 

Disclosure of the Invention: 

15 

[0011] The object of the present invention is to provide a medicine used for the treatment of irritable bowel syndrome 
of diarrhea type, ulcerative colitis, visceral pain and abdominal pain and having a high safety. 

[0012] After intensive investigations made for the purpose of developing a 5-HT7 receptor antagonist usable for the 
treatment of irritable bowel syndrome of diarrhea type, ulcerative colitis, visceral pain or abdominal pain, the inventors 
20 have found that the 5-HT7 receptor antagonist is usable as an effective therapeutic agent. The present invention has 
been completed on the basis of this finding. 

[0013] Namely, the present invention provides a therapeutic agent for irritable bowel syndrome of diarrhea type, 
ulcerative colitis, visceral pain or abdominal pain, which contains 5-HT7 receptor antagonist or a pharmaceutical ly 
acceptable salt thereof as the active ingredient. 
25 [0014] The present invention also provides the use of 5-HT7 receptor antagonist or a pharmaceutically acceptable 
salt thereof for the preparation of a therapeutic agent for irritable bowel syndrome of diarrhea type, ulcerative colitis, 
visceral pain or abdominal pain. 

Brief Description of the Drawings: 

30 

[0015] 

Fig. 1 shows the length of the intestinal tract of each mouse of dextran sulfate sodium (DSS) model after the 
administration of test compound 1 , predonisolone (PDL) and salazosulfapyridine (SASP). The number in the pa- 
35 rentheses represents the number of mice. 

Fig. 2 shows the infiltrated amout of Evans Blue of each mouse of dextran sulfate sodium (DSS) model after the 
administration of test compound 1 , predonisolone (PDL) and salazosulfapyridine (SASP). The number in the pa- 
rentheses represents the number of mice. 

Fig. 3 shows the number of writhing of each mouse in acetic acid induced writhing model after the administration 
40 of test compound 1 . The number in the parentheses represents the number of mice. 

Best Mode for Carrying out the Invention: 

[0016] The term "5-HT7 receptor antagonist" herein indicates a compound antagonising to 5-HT7 receptor. For ex- 
45 hibiting the therapeutic effect of 5-HT7 receptor antagonist in the present invention, it is desirable that this antagonist 
is a compound having a selective antagonistic effect on 5-HT7 receptor. Concretely, the expression "selectivity toward 
5-HT7 receptor" herein indicates a receptor selectivity toward not only the other serotonin receptor subtypes but also 
deeply related physiologically active amine receptors, i. e. adrenaline receptor, muscarine receptor and dopamine 
receptor. The selectivity of 5-HT7 receptor toward the above-described other receptors is preferably at least 30 times 
50 higher, more preferably at least 100 times higher. For evaluating the receptor selectivity, an example of well-known 
methods is a receptor binding experiment wherein a ligand labeled with a radioisotope is used. 
[0017] 5-HT7 receptor antagonists may be compounds antagonistic to 5-HT7 receptors. For example, compounds 
described in, for example, EP 0738513, Japanese Patent Kokai No. Hei 11-189585, WO 97/29097, WO 97/48681 , WO 
97/49695, WO 98/00400, WO 99/24022, WO 99/31062, WO 99/33804, WO 00/00472, WO 00/56712, WO 00/59909, 
55 WO 00/69437, WO 00/73299, WO 01/29029, WO 01/57039, WO 01/85701, WO 02/18367, WO 02/36554, WO 
02/36560 or WO 02/62788 are preferred as the therapeutic agents for the irritable bowel syndrome of diarrhea type, 
ulcerative colitis, visceral pain or abdominal pain. 

[0018] Concretely, compounds represented by the following general formulae (I) to (VII) are preferred. 
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(I) Compounds represented by the following general formula (I); 



A^SOs N (CR 1 " 2 ^"* 3 ) nl NR I " 4 R 1 " 5 d ) 



wherein: 

Ar 1 represents a substituted or unsubstituted mono- or bicycloaromatic ring or heteroaromatic ring. 
R 1 " 1 represents a lower alkyl, 

R'" 2 and R' -3 independently represent hydrogen or a lower alkyl, and 

R' -4 and R' -5 independently represent hydrogen, a lower alkyl, an aryl-lower alkyl or an aryl or, R' -4 and R' -5 
together form a substituted or unsubstituted, 5- to 8-membered heterocyclic ring with the nitrogen atom bonded 
thereto, which hetero ring may further contain a hetero atom selected from the group consisting of nitrogen, 
sulfur and oxygen, and n 1 represents 2 to 4. 

(II) Compounds represented by the following general formula (II); 



Ar i:c SOo — N H— R 11 " 3 



V 



(II) 

< CH 2>mii 



NR II-l R II-2 



wherein: 



Ar" represents a substituted or unsubstituted mono- or bicycloaromatic ring or heteroaromatic ring, 

R 11 " 1 and R"" 2 independently represent hydrogen, a lower alkyl or an aryl-lower alkyl or, alternatively, R IM and 

R M " 2 together form a substituted or unsubstituted, 5- to 7-membered heterocyclic ring with the nitrogen atom 

bonded thereto, which hetero ring may further contain a hetero atom selected from the group consisting of 

nitrogen, sulfur and oxygen, and the nitrogen atom may be substituted with hydrogen, a lower alkyl or C 3 . 7 

cycloalkyl or with an aryl, a heteroaryl or an aryl-lower alkyl group, 

R"" 3 represents hydrogen or a lower alkyl, 

X" represents oxygen, sulfur or a bond, 

n" represents 2 or 3, and 

m" represents 1 or 2. 

The optional substituent of the heterocyclic ring formed by R IM and R" -2 together is a lower alkyl, preferably 
one or two methyl and ethyl groups. 

(Ill) Compounds represented by the following general formula (III); 
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(III) 



wherein: 

Ar m represents a substituted or unsubstituted mono- or bicycloaromatic ring or hetero aromatic ring, 

Ar lir represents a substituted or unsubstituted mono- or bicycloaromatic ring or a heteroaromatic ring, 

riii-1 represents a lower alkyl or R IIM and R lll_3 together form a 5- to 8-membered ring having 1 or 2 hetero 

atoms, which ring may be substituted with a lower alkyl, 

riii-2 represents hydrogen or a lower alkyl, 

Rin-3 represents hydrogen or a lower alkyl. or R'"" 3 and R IIM together form a 5 to 8-membered ring having 1 
or 2 hetero atoms, which may be substituted with a lower alkyl. 
riii-4 represents hydrogen or a lower alkyl, 

R lll_5 and R MI ' 6 independently represent hydrogen or a lower alkyl, 
p IM represents 1 , 2 or 3, 
q IM represents 1 to 3, and 
r m represents 1 or 2. 

(IV) Compounds represented by the following general formula (IV); 




(IV) 



wherein: 

Ar lv represents N, CH, C having a double bond orCR lv-5 , 

B IV and Z lv independently represent N orCR lv " 1 , and when B lv and/or Z lv is N, Ar lv is N, 
Riv-1 represents hydrogen atom, a halogen atom, a lower alky, cyano, a trihalomethyl, hydroxyl. an alkoxyl, 
an alkylthio, an alkylsulfonyl, an alkylsulfonyl, an alkylcarbonyl, sulfamoyl, amino, a substituted amino, car- 
bamoyl, an alkylcarbamoyl, an acyl or carboxyl, 
Riv-2 represents hydrogen or a lower alkyl. 
riv-3 represents hydrogen, a lower alkyl or an aralkyl, 



Ar II3: SO. 



N 



R 



in-l 




CR III-2 R III-3 



(CR III-5 R III- 6) 
I 

(CH 2 ) qIII ^C^rin 

^ III 4 

(kr^) RlII_4 



pi ii 
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rIV-4 represents hydrogen atom, a halogen atom, a lower alky, hydroxyl, an alkoxyl, an acyl, an alkoxycarbonyl 
nitro, amino, a substituted amino, carbamoyl, an alkylcarbamoyl or an acyloxyl, 

riv-5 represents a lower alkyl, cyano. carbamoyl, carboxyl, an acyl, an acyloxyl, an alkoxyl, an alkoxycarbonyl 
a trihalomethyl or hydroxyl, and 
n iv-5 represents an integer of 2 to 6, 

(V) Compounds represented by the following general formula (V); 




wherein: 

rv-1 rv-2 an( j rv-3 eacn represent hydrogen, a halogen, a lower alkyl or a lower alkoxyl, or 
R v_2 and R v " 3 together form methyl en edioxyl group, 
Z v is any of the following groups a to d: 




a b c d 



R v represents CF 3 , a halogen, a lower alkoxyl, a lower alkyl or a lower alkyl-halogen, 
p v represents 1 to 3, and 
n v represents 0 to 5. 

(VI) Compounds represented by the following general formula (VI); 




(VI) 



wherein: 
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rVI-1 represents hydrogen atom, a lower alkyl or an aralkyl, 

rVI-2 represents hydrogen atom, a halogen atom, a lower alkyl, hydroxyl, an alkoxyl, an acyl, an acyloxyl, an 
alkylcarbonyl, nitro, amino, a substituted amino, carbamoyl or an alkylcarbamoyl, 
n vl represents an integer of 2 to 6, 

a represents a group of the following formula (a), (b). (c), (d) or (e): 





wherein, in formulae (a) and (b): 

rvi-3 represents hydrogen atom, a halogen atom, a lower alkyl, hydroxyl or an alkoxyl, 
X represents NR V| - 10 , NCONR VM1 R v| - 12 , S, SO, S0 2 or O, 

rvi-10 represents hydrogen atom, a lower alkyl, an alkenyl, an oxoalkyl, an aralkyl, acyanoalkyl, a hydroxyalkyl, 
an alkoxyalkyl, an aminoalkyl, a substituted aminoalkyl, an alkoxycarbonylalkyl, a carbamoylalkyl, an alkyl- 
carbamoylalkyl, an acyl or an alkoxycarbonyl, 

RVI-11 and RVi-12 independently represent hydrogen atom or a lower alkyl, 
Y VI represents methylene or carbonyl; 

in formula c: 

rvi-4 represents hydrogen atom, a halogen atom, a lower alkyl, hydroxyl, cyano, a trihalomethyl, an alkoxyl, 
an alkylthio, an alkylsulfinyl, an alkylsulfonyl, an alkoxycarbonyl, sulfamoyl, amino, a substituted amino, car- 
bamoyl, an alkylcarbamoyl, an acyl orcarboxyl, 

rvi-5 represents hydrogen atom, a lower alkyl, hydroxyl, an alkoxyl, an acyl, phenyl or a substituted phenyl, 
k vl represents 0 or an integer of 1 to 3, 
m vl represents 0 or an integer of 1 to 3, 

A VI and B VI each represent a group capable of forming benzene ring, thiophene ring, furan ring, imidazole ring 
or pyrazole ring through a double bond, with the proviso that k vl -i- m vl represent an integer of 1 to 3; in formulae 
(d) and (e): 

R VI " 4 is as defined above, 

G VI represents CH 2 , S, O or C=0, 

D VI represents CH or N, 

p vl represents an integer of 1 to 3, 
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E VI and J VI independently represent a group capable of forming benzene ring or pyridine ring through a 
double bond, 

R VI_6 and R VI_7 independently represent hydrogen atom, a lower alkyL hydroxyl, an alkoxyl, an acyl, phenyl or 
5 a substituted phenyl. 

(VII) Compounds represented by the following general formula (VII): 



10 



15 




20 wherein: 

Q v " represents phenyl orthienyl, 

rvii-1 represents a halogen, hydroxyl, a C|_ 6 alkyl, CF 3 , OCF 3 or a C^_ 6 alkoxyl, 
m VN represents 0, 1 , 2 or 3, 
25 rvii-2 represents a 0^. 4 alkyl, 

X v " represents nitrogen, carbon orCH, 



represents a single bond when X VM is nitrogen or CH or it represents a double bond when X VM is carbon, 

30 

[0019] D VM represents a single bond, C=0, O or CH 2 with the proviso that when X is nitrogen atom, D is not oxygen 
atom, 

[0020] P v " represents phenyl; naphthyl; a 5- or 6-membered heteroaryl ring having 1 to 3 hetero atoms selected 
from the group consisting of oxygen, nitrogen and sulfur; or a benzene-fused heteroaryl ring having 1 to 3 hetero atoms 

35 selected from the group consisting of oxygen, nitrogen and sulfur, 

[0021] rvii-3 represents a lower alkyl which may be substituted with NR VII-4 R VI1 " 5 , an aryl, an aryl-lower alkyl, a lower 
alkoxyl, a lower alkylthio, cyano, hydroxyl, nitro, a halogen, CF 3 , C 2 F 5 , NR VI| - 4 R V "- 5 , CONR vi| - 4 R v "- 5 , NR^CORV"- 5 , 
S(0)p vll NR vl| - 4 R vl1 " 5 , CHO, OCF 3 , SCF 3 , CH 2 OR vl| - 6 : C0 2 R VII " S or COR v "- 6 (wherein p VM represents 0, 1 or 2, R v "- 4 
RVH-5 and rvii-6 independently represent hydrogen, a lower alkyl, an aryl or an aryl-lower alkyl, and 

40 n VM represents 0, 1 , 2 or 3. 

[0022] The compounds of the above formulae (I) to (VII) were disclosed in WO 97/29097, WO 97/48681, WO 
97/49695, WO 98/00400, WO 99/24022, WO 99/33804 and WO 00/56712, respectively. 

[0023] The following compounds (VIII) to (XXI) are also preferred; compounds of claim 1 of EP 0738513 (hereinafter 
referred to as "compounds (VIII)"), compounds of claim 1 of Japanese Patent Kokai No. Hei 11-189585 (compounds 

45 (ix)), compounds of claim 1 of WO 99/31062 (compounds (X)), compounds of claim 1 of WO 00/00472 (compounds 
(XI)), compounds of claim 1 of WO 00/59909 (compounds (XII)), compounds of claim 1 of WO 00/69437 (compounds 
(XIII)), compounds of claim 1 of WO 00/73299 (compounds (XIV)), compounds of claim 1 of WO 01/29029 (compounds 
(XV)), compounds of claim 1 of WO 01/57039 (compounds (XVI)), compounds of claim 1 of WO 01/85701 (compounds 
(XVII)), compounds of claim 1 of WO 02/18367 (compounds (XVIII)), compounds of claim 1 of WO 02/36554 (com- 

50 pounds (XIX)), compounds of claim 1 of WO 02/36560 (compounds (XX)) and compounds of claim 1 of WO 02/62788 
(compounds (XXI)). 

[0024] In these compounds, the compounds represented by the above formula (II) disclosed in WO 97/48681 are 
preferred as the therapeutic agents for the irritable bowel syndrome of diarrhea type, ulcerative colitis, visceral pain or 
abdominal pain. Particularly preferred 5-HT7 receptor antagonists for the irritable bowel syndrome of diarrhea type, 
55 ulcerative colitis, visceral pain or abdominal pain are (R)-3-(2-(2-(4-methylpiperidin-1 -yl)-ethyl)-pyrrolidine-1 -sulfonyl) 
phenol, (R)-1 -bromo-3-(2-(2-(4-methylpiperidine-1-yl)-ethyl)pyrrolidine-1-sulfonyl)benzeneand(R)-2-(2-(4-methylpipe- 
ridin-1 -yl)-ethyl)-1 -(naphthalene-1 -sulfonyl)pyrrolidine. These compounds are disclosed in Example 65, Example 51 
and Example 45 in the above-described WO 97/48681 . In addition, these compounds are also described as compounds 
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15, 12 and (R)-10, respectively in J. Med. Chem. 43, 342 (2000). 

[0025] The term "lower" herein indicates those having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms. 
[0026] The substituted or unsubstituted mono- or bicycloaromatic rings or heteroaromatic rings indicate monocyclic 
or bicyclic aromatic rings (the rings may contain nitrogen atom, oxygen atom or sulfur atom). The substituents of the 

5 mono- or bicycloaromatic rings or heteroaromatic rings are lower alkyl which may be substituted with NR 7 R 8 , a lower 
alkenyl, a lower alkynyl, a lower alkylthio, cyano, nitro, a halogen atom, CF 3 , C 2 F 5 , NR 7 R 8 , CONR 7 R 8 , NR 7 COR 8 , S 
(0)pN 7 R 8 , CHO, OCF 3 , SCF 3 , COR 9 , CH 2 OR 9 , C0 2 R 9 or OR 9 (wherein p represents 1 or 2, R 7 , R 8 and R 9 independ- 
ently represent hydrogen, a lower alkyl, a substituted or unsubstituted aryl or a substituted or unsubstituted aryl-lower 
alkyl). There can be more than onesubstituent. The plural substituents may be the same or different from one another. 

10 [0027] The substituted or unsubstituted mono- or bicycloaromatic rings or heteroaromatic rings are, for example, 
phenyl, naphthyl, pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, imidazolyl, isoxazolyl, pyrazolyl, oxazolyl, thiazolyl, furyl, 
thienyl, pyrrolyl, triazolyl, tetrazolyl, isothiazolyl, quinolyl, isoquinolyl, quinazolinyl, phthalazinyl, indolyl, benzothiazolyl, 
benzoimidazolyl, benzofuranyl, indazolyl, isoindolyl and benzothienyl. 
[0028] The aryl groups include phenyl and naphthyl. 

15 [0029] The heteroaryl groups include, for example, pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, imidazolyl, isoxazolyl, 
pyrazolyl, oxazolyl, thiazolyl, furyl, thienyl, pyrrolyl, triazolyl, tetrazolyl, isothiazolyl, quinolyl, isoquinolyl, quinazolinyl, 
phthalazinyl, indolyl, benzothiazolyl, benzoimidazolyl, benzofuranyl, indazolyl, isoindolyl and benzothienyl. 
[0030] The benzene-fused heteroaryl groups include, for example, quinolyl, isoquinolyl, quinazolinyl, phthalazinyl, 
indolyl, benzothiazolyl, benzoimidazolyl, benzofuranyl, indazolyl, isoindolyl and benzothienyl. 

20 [0031] The heterocyclic groups include, for example, pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, imidazolyl, isoxazolyl, 
pyrazolyl, oxazolyl, thiazolyl, furyl, thienyl, pyrrolyl, triazolyl, tetrazolyl, isothiazolyl, quinolyl, isoquinolyl, quinazolinyl, 
phthalazinyl, indolyl, benzothiazolyl, benzoimidazolyl, benzofuranyl, indazolyl, isoindolyl, benzothienyl, pyrrolidinyl, pip- 
eridinyl, piperazinyl, morpholinyl, tetrahydropyranyl and thiazolidinyl. 
[0032] The halogen atoms include fluorine, chlorine, bromine and iodine. 

25 [0033] The alkoxyl groups include, for example, methoxyl, ethoxyl, propoxyl, isopropoxyl, butoxyl, isobutoxyl, sec- 
ondary butoxyl, tertiary butoxyl, pentyloxyl, isopentyloxyl, neopentyloxyl, tertiary pentyloxyl and hexyloxyl groups. 
[0034] The substituents of the substituted amino groups include, for example, lower alkyl, C 3 . 7 cycloalkyl, aryl, het- 
eroaryl, aralkyl and aryl-lower alkyl groups. 

[0035] The acyl groups include, for example, acetyl, propionyl, butyryl, isobutyryl, pivaloyl, hexanoyl and cyclohex- 
30 ylcarbonyl groups. 

[0036] The alkyl groups include, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secondary butyl, terti- 
arybutyl, pentyl, isopentyl, neopentyl, tertiary pentyl and hexyl groups. 

[0037] The cycloalkyl groups include, for example, cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups. 
[0038] The aralkyl groups include, for example, benzyl and methoxybenzyl groups. 

35 [0039] The alkenyl groups include, for example, vinyl, propenyl, butenyl and pentenyl groups. 

[0040] The alkyl, alkenyl and alkoxyl groups may be either linear or branched chain. When these groups are contained 
in other groups as a component thereof, the above-described definition is also applied to them. 
[0041] The compounds of the present invention are usable as therapeutic agents for irritable bowel syndrome of 
diarrhea type, ulcerative colitis, visceral pain and abdominal pain. 

40 [0042] The "irritable bowel syndrome of diarrhea type" herein indicates a disease belonging to "functional gastroin- 
testinal disorders" having chronic or repeated functional gastrointestinal troubles which cannot be explained with ref- 
erence to the organic or biochemical abnormality. Symptoms of mainly abdominal pain and diarrhea last for a certain 
period of time [Rome II; the functional gastrointestinal disorders, 2 nd Ed., Degnon Associates, McLean (2000), Gas- 
troenterol. Internat., 3, 159-172 (1990)]. 

45 [0043] The "ulcerative colitis" herein indicates an inflammatory disease of unknown etiology, and patients with this 
disease have an inflammation in the membrane of the large intestine and an erosion (shallow ulcer and sore) and ulcer 
on the most inside layer of this membrane. The patients have symptoms of diarrhea, viscous bloody stool, etc. and 
they repeat the remission and deterioration to elongate the stage [Manual of Gastroenterology, 2 nd Ed., Little, Brown 
and Company 233, 246 (1994)]. 

50 [0044] The "visceral pain" herein indicates a pain in the internal organs such as the stomach, intestinal tracts and 
heart as well as the peritonea and pleurae [Textbook of Pain, 4nd Ed., 603-709, CHURCHILL LIVINGSTON, Hartcourt 
Publishers Limited (1999)]. 

[0045] The "abdominal pain" herein indicates a chronic or acute pain in the abdomen [Textbook of Pain, 4nd Ed., 
603-619, CHURCHILL LIVINGSTONE, Hartcourt Publishers Limited (1999)]. 
55 [0046] The "therapeutic agents for irritable bowel syndrome of diarrhea type" in the present invention are usable not 
only for the treatment but also for the improvement and prevention of the irritable bowel syndrome of diarrhea type. 
[0047] The "therapeutic agents for ulcerative colitis" herein are usable not only for the treatment but also for the 
improvement and prevention of the ulcerative colitis. 
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[0048] The "therapeutic agents for visceral pain" herein are usable not only for the treatment but also for the im- 
provement and prevention of the visceral pain. 

[0049] The "therapeutic agents for abdominal pain" herein are usable not only for the treatment but also for the 
improvement and prevention of the abdominal pain. 

5 [0050] The compounds of the present invention can be used not only alone but also in combination with other med- 
icines such as cholinergic blocking agents, laxatives, antidiarrheal agents, medicines for intestinal disorders, mucous 
membrane paralyzing agents, motor function regulators for the digestive tract, autonomic nerve regulators, herb med- 
icines, anxiolytic agents, antidepressants, hypnotics, antipsychotic agents, anti-inflammatory agents, adreno-cortical 
hormone preparations, immunosuppressive agents, analgesic agents, serotonin antagonists excluding 5-HT7 receptor 

10 antagonists, and serotonin agonists. 

[0051] The 5-HT7 receptor antagonists of the invention of the present application can be synthesized by a method 
described in, for example, EP 0738513, Japanese Patent Kokai No. Hei 11-189585, WO 97/29097, WO 97/48681 , WO 
97/49695, WO 98/00400, WO 99/24022, WO 99/31062, WO 99/33804, WO 00/00472, WO 00/56712, WO 00/59909, 
WO 00/69437, WO 00/73299, WO 01/29029, WO 01/57039, WO 01/85701, WO 02/18367, WO 02/36554, WO 

15 02/36560 or WO 02/62788. 

[0052] Concretely, the compounds described in the patent specifications of the following numbers can be produced 
by methods described therein: EP 0738513, Japanese Patent Kokai No. Hei 11-1 89585, WO 97/29097, WO 97/48681 , 
WO 97/49695, WO 98/00400, WO 99/24022, WO 99/31062, WO 99/33804, WO 00/00472, WO 00/56712, WO 
00/59909, WO 00/69437, WO 00/73299, WO 01/29029, WO 01/57039, WO 01/85701, WO 02/18367, WO 02/36554, 

20 WO 02/36560 or WO 02/62788. 

[0053] For example, (R)-2-(2-(4-methylpiperidine-1 -yl)-ethyl)-1 -(naphthalene-1 -sulfonyl)pyrrolidine can be obtained 
by the following method: (R)-2-pyrrolidinemethanol is reacted with di-t-butyl dicarbonate to obtain t-butyl (R)-2-hy- 
droxymethylpyrrolidine-1-carboxylate. Then this compound is reacted with methanesulfonyl chloride to mesylate the 
hydroxyl group. The obtained product is reacted with sodium cyanateto obtain t-butyl (R)-2-cyanomethylpyrrolidine- 

25 1 -carboxylate. The obtained compound is subjected to the reductive amination with 4-methylpiperidine in the presence 
of hydrogen and platinum oxide. The compound thus obtained is treated with tr if luoro acetic acid to obtain (R)- 
2-(2-(4-methylpiperidin-1 -yl)-ethyl)pyrrolidine. This compound is condensed with 1 -naphthalenesulfonyl chloride in the 
presence of diisopropylethylamine to obtain the intended compound. 

[0054] (R)-3-(2-(2-(4-methylpiperidine-1 -yl)-ethyl)pyrrolidine-1 -sulfonyl)-phenol and (R)-1 -bromo-3-(2-(2-(4-methyl- 
30 piperidine-1 -yl)ethyl)pyrrolidine-1 -sulfonyl)benzene can be synthesized by a method described in WO 97/48681 in the 
same manner as that described above. 

[0055] The compound thus obtained by the above-described method is isolated and purified in the free form or in 
theform of a salt thereof. The isolation and purification can be conducted by the extraction, concentration, evaporation, 
crystallization or silica gel column chromatography as described in WO 97/48681 . 

35 [0056] The pharmacologically acceptable salt of 5-HT7 receptor antagonist used in the present invention can be any 
of pharmacologically acceptable salts. For example, when the salt contains a basic group, the salt is that with an 
inorganic acid such as hydrochloric acid, sulfuric acid or phosphoric acid, an organic acid such as acetic acid, citric 
acid, benzoic acid, maleic acid, fumaric acid, tartaric acid or succinic acid, or an organic sulfonic acid such as meth- 
anesulfonic acid or p-toluenesulfonic acid. When the salt contains an acidic group, the salt is that with ammonium, with 

40 an alkali metal such as sodium or potassium, with an alkaline earth metal such as calcium or magnesium, with aluminum, 
with zinc, with an organic amine such as triethylamine, ethanolamine, morpholine or piperidine. dicyclohexylamine, or 
with a basic amino acid such as arginine or lysine. Forforming the salt, the compound of the present invention is mixed 
with a required acid or base in a suitable quantitative ratio in a solvent or a dispersant or the salt can be formed by the 
cation exchange or anion exchange depending on the form of the salt. 

45 [0057] The 5-HT7 receptor antagonists used in the present invention include the solvates, such as hydrates and 
alcohol adducts, of them. 

[0058] In the compounds of the present invention, those having an asymmetric carbon atom may have an optical 
isomer, which is included in these compounds. 

[0059] When the compounds of the present invention have diastereomers, these diastereomers and a mixture of 
50 them are also included therein. 

[0060] When the compounds of the present invention have a tautomeric hydrogen atom, various tautomers are pos- 
sible. The compounds of the present invention also include those tautomers. 

[0061] When the compound orthe pharmacologically acceptable salt of the present invention is used as a therapeutic 
agent for patients suffering from the irritable bowel syndrome of diarrhea type, it can be suitably mixed with a pharma- 
55 ceutically acceptable adjuvants such as an excipient, a carrier or a diluent and the obtained mixture is shaped into 
tablets, capsules, granules, fine granules, a powder, pills, a syrup, a suspension, an emulsion, an ointment, supposi- 
tories or an injection and then orally or parenteral ly administered to the patients. The carriers and diluents usable herein 
include, for example, glucose, sucrose, lactose, talc, silica, cellulose, methylcellulose, starch, gelatin, ethylene glycol, 
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polyethylene glycol, glycerol, ethanol, water, oil and fat. 

[0062] The route of administration may be either oral or parenteral. The dose, which varies depending on the age, 
body weight and conditions of the patient and also the administration method, is usually 0.01 to 2,000 mg/day, preferably 
0.1 to 500 mg/day for adults in the oral administration and 1 jig to 1,000 mg ; preferably 0.01 to 100 mg, for adults in 
5 the parenteral administration. When the above-described compounds are used as the therapeutic agents for patients 
with irritable bowel syndrome of diarrhea type, ulcerative colitis, visceral pain or abdominal pain, they are particularly 
effectively usable in the oral administration. 

Example 1 

10 

Effect on 5-hydroxytryptophan (5-HTP)-induced defecation models of mice in vivo: 

[0063] The tests were conducted by using (R)-3-(2-(2-(4-methylpiperidine-1-yl)-ethyl)pyrrolidine-1-sulfonyl)phenol 
(synthesized according to a method described in WO 97/48681) known to be a selective 5-HT7 receptor antagonist 

15 as test compound 1 by a method of G. J. Sanger et al. (British Journal of Pharmacology, 130: 706-71 2, 2000). 

[0064] Male SLC:ICR mice (6 weeks) were placed in a series of 5 stainless steel cages for mice. After the acclimation 
for one hour or longer, 30 mg/kg of test compound 1 was orally administered to them (n=1 0). 30 minutes after, 1 0 mg/ 
5ml_/kg of 5-HTP (or 5 ml_/kg of physiological saline in a group in which 5-HTP was not used) was subcutaneously 
administered to the mice. The stool excreted by each mouse during 30 minutes after the administration was observed 

20 (the results were scored as follows: 0: normal stool or no defecation, 1 : diarrhea or soft stool). The inhibitory rate (%) 
of test compound 1 was calculated while the score obtained by subtracting the score of the 5-HTP-free group from the 
score of the 5-HTP group was determined to be 1 00 %. 
[0065] The control rate of the test compound 1 was 70 %. 

[0066] It is apparent from the results that the 5-HTP receptor antagonist of the present invention can exhibit an 
25 excellent effect as a therapeutic agent for the irritable bowel syndrome of diarrhea type. 

Example 2 

Effect on dextran sulfate sodium (DSS) mouse models: 

30 

[0067] The tests were carried out by using the test compound 1 , and predonisolone (PDL) and salazosulfapyridine 
(SASP) as the controls by a method of Arai et al. (Dig Dis Sci., 44, 845, 1999). 

[0068] Female CBA mice (9-1 0 weeks) were allowed to drink 5 % DSS (M. W. 5000) as they drinked ad libitum for 
12 days to cause ulcerative colitis. The medicine was suspended in 0.5 % tragacanth gum solution, and the oral ad- 
35 ministration of 5 ml/kg of the obtained suspension was started on the day next to the start of 5 % DSS and continued 
for 11 days. Then 5 mg/kg of 6 mg/ml Evans Blue solution was given to each mouse by the intravenous injection. 30 
minutes after, the intestinal tract was isolated and the length of the tract was measured. The intestinal tract was dried 
over night. The intestinal tract was kept in formamide at 60°C overnight. After the extraction of Evans Blue, the ab- 
sorbance was determined, and the infiltrated amount of Evans Blue was calculated according to the following formula: 

40 

The infiltrated amount of Evans Blue D = (A*C+B)/E 

wherein the relationship between the absorbance and the infiltrated amount of Evans Blue was calculated by preparing 
^5 a working curve (Y=A*X+B) and C represents the absorbance of Evans Blue extracted from the intestinal tract. The 
infiltrated amount of Evans Blue is used as an index of the protein infiltration and the area of the ulcer in the intestinal 
tract. 

[0069] The results are shown in Figs. 1 and 2. 

[0070] In Figs. 1 and 2, the number in the parentheses represent the number of mice. It is apparent from the results 
50 that 5-HT7 receptor antagonist in the present invention is capable of exhibiting an excellent effect as a therapeutic 
agent for ulcerative colitis. 

Example 3 

55 Effect on acetic acid induced writhing models of mice: 

[0071] The tests were carried out with the above-described test compound 1 by a method of Matsumoto et al. (Eur 
J Pharmacol., 352, 47, 1998). 
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[0072] The effects of the test compound 1 on male ICR mice (4 weeks old) were examined by the writhing test with 
acetic acid. 0.9 % acetic acid solution (diluted with physiological saline) was given to each mouse by the intraperitoneal 
injection. The counting of the number of the writhing in 15 minutes was started 5 minutes after the injection. The test 
compound was suspended in 0.5 % tragacanth gum solution, and 5 ml/kg of the obtained suspension was orally ad- 
ministered 90 minutes before the administration of acetic acid. 

[0073] The test results are shown in Fig. 3. In Fig. 3, the numbers in the parentheses represent the numbers of mice. 
In the statistical assay, one-way layout dispersion analysis was followed by Dunnett multiple comparison (*p<0.05, 
**p<0.01 VS. control group). 

[0074] It is apparent from the results that the 5-HT7 receptor antagonist of the present invention can exhibit an 
excellent effect of a therapeutic agent for visceral pain and abdominal pain. 



Claims 

1 . A therapeutic agent for irritable bowel syndrome of diarrhea type, which contains a 5-HT7 receptor antagonist or 
a pharmaceutically acceptable salt thereof as the active ingredient. 

2. The therapeutic agent for irritable bowel syndrome of diarrhea type according to claim 1 , wherein the 5-HT7 receptor 
antagonist is a compound represented by the following general formula (II): 



Ar i:c SO. 



{CH 2 ) n ii X 



•N 



ii 



I R II-3 




(CH 2 ) mI 



II-2 



(II) 

wherein: 

Ar" represents a substituted or unsubstituted mono- or bicycloaromatic ring or heteroaromatic ring, 

R IM and R" -2 independently represent hydrogen, a lower alkyl or an aryl-lower alkyl or, R IM and R" -2 together 

form a substituted or unsubstituted, 5- to 7-membered heterocyclic ring with the nitrogen atom bonded thereto, 

which hetero ring may further contain a hetero atom selected from the group consisting of nitrogen, sulfur and 

oxygen, and the nitrogen atom may be substituted with hydrogen, a lower alkyl or C 3 . 7 cycloalkyl or with an 

aryl, a heteroaryl or an aryl-lower alkyl group, 

R" -3 represents hydrogen or a lower alkyl, 

X" represents oxygen, sulfur or a bond, 

n" represents 2 or 3, and 

m" represents 1 or 2. 

3. The therapeutic agentfor irritable bowel syndrome of diarrhea type according to claim 2, wherein the 5-HT7 receptor 
antagonistis(R)-3-(2-(2-(4-methylpiperidin-1 -yl)-ethyl)-pyrrolidine-1 -sulfonyl)phenol.(R)-1 -bromo-3-(2-(2-(4-meth- 
ylpiperidine-1 -yl)-ethyl)pyrrolidine-1 -sulfonyl)-benzene or (R)-2-(2-(4-methylpiperidin-1 -yl)-ethyl)-1 -(naphthalene- 
1 -sulfonyl)pyrrolidine. 

4. A therapeutic agent for ulcerative colitis, which contains a 5-HT7 receptor antagonist or a pharmaceutically ac- 
ceptable salt thereof as the active ingredient. 
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5. The therapeutic agent for ulcerative colitis according to claim 4, wherein the 5-HT7 receptor antagonist is a com- 
pound represented by the general formula (II) in claim 2. 

6. The therapeutic agent for ulcerative colitis according to claim 5, wherein the 5-HT7 receptor antagonist is (R)- 
3-(2-(2-(4-methylpiperidin-1 -yl)-ethyl)-pyrrolidine-1 -sulfonyl)phenol, (R)-1 -bromo-3-(2-(2-(4-methylpiperidin-1 -yl)- 
ethyl)pyrrolidine-1 -sulfonyl)benzene or (R)-2-(2-(4-methylpiperidin-1 -yl)-ethyl)-1 -(naphthalene-1 -sulfonyl)-pyrroli- 
dine. 

7. A therapeutic agent for visceral pain or abdominal pain, which contains a 5-HT7 receptor antagonist or a pharma- 
ceutically acceptable salt thereof as the active ingredient. 

8. The therapeutic agent for visceral pain or abdominal pain according to claim 7, wherein the 5-HT7 receptor an- 
tagonist is a compound represented by the general formula (II) in claim 2. 

9. The therapeutic agent for visceral pain or abdominal pain according to claim 8, wherein the 5-HT7 receptor an- 
tagonist is (R)-3-(2-(2-(4-methylpiperidin-1 -yl)-ethyl)-pyrrolidine-1 -sulfonyl)phenol, (R)-1 -bromo-3-(2-(2-(4-methyl- 
piperidin-1 -yl)-ethyl)pyrrolidine-1 -sulfonyl)benzene or (R)-2-(2-(4-methylpiperidin-1 -yl)-ethyl)-1 -(naphthalene- 
1 -sulfonyl)-pyrrolidine. 

10. Use of the 5-HT7 receptor antagonist or the pharmaceutically acceptable salt thereof according to any of claims 
1 to 3 for producing the therapeutic agent for irritable bowel syndrome of diarrhea type. 

11. Use of the 5-HT7 receptor antagonist or the pharmaceutically acceptable salt thereof according to any of claims 
4 to 6 for producing the therapeutic agent for ulcerative colitis. 

12. Use of the 5-HT7 receptor antagonist or the pharmaceutically acceptable salt thereof according to any of claims 
7 to 9 for producing the therapeutic agent for visceral pain or abdominal pain. 
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